In adults, physical activity and exercise training are associated with reduced cardiovascular morbidity and mortality, a reduced likelihood of developing adverse cardiovascular risk factors, and improved insulin sensitivity. In childhood, participation in appropriate physical activity may prevent the development of cardiovascular risk factors in the future and complement treatment of existing cardiovascular risk factors, including hypertension, dyslipidemia, and overweight. Exercise in children can also signifi cantly improve insulin sensitivity independent of weight loss. These effects are mediated in overweight children by increases in lean body mass relative to fat mass and associated improvements in infl ammatory mediators, endothelial function, and the associated adverse hormonal milieu.
Abstract: In adults, physical activity and exercise training are associated with reduced cardiovascular morbidity and mortality, a reduced likelihood of developing adverse cardiovascular risk factors, and improved insulin sensitivity. In childhood, participation in appropriate physical activity may prevent the development of cardiovascular risk factors in the future and complement treatment of existing cardiovascular risk factors, including hypertension, dyslipidemia, and overweight. Exercise in children can also signifi cantly improve insulin sensitivity independent of weight loss. These effects are mediated in overweight children by increases in lean body mass relative to fat mass and associated improvements in infl ammatory mediators, endothelial function, and the associated adverse hormonal milieu. Keywords: physical activity; exercise; children; cardiovascular risk factors; insulin resistance T he cardiovascular benefi ts of physical fi tness and regular physical activity are often underestimated because of the fact that benefi t is best measured over decades rather than immediately after lifestyle change. In adults, studies with long-term follow-up demonstrate that physical fi tness reduces cardiovascular risk by about 50% independent of other risk factors. 1 In younger adults, physical fi tness is associated with the prevention of the development of risk factors themselves, particularly type 2 diabetes mellitus and the risk factors commonly called "the metabolic syndrome": hypertension, elevated triglycerides, and low high-density lipoprotein (HDL) cholesterol. 2 Regular physical activity is insulin sensitizing and is a more effective intervention in this regard than pharmacologic treatment. 3, 4 Thus, over a lifetime, the benefi ts of regular physical activity and fi tness are additive, with the prevention of risk factors in early life and the prevention of cardiovascular mortality later in life.
Nevertheless, a substantial literature on the relationship of physical activity and fi tness to cardiovascular risk factors has developed. Strong et al 5 have recently published an evidence-based review of the association of physical activity and fi tness on health outcomes in children. Cross-sectional and case control studies compare children with different levels of fi tness or activity to determine the relationship of these parameters to cardiovascular risk factors. Treatment studies have children, either generally healthy or with risk factors, participate in a regular exercise program (with or without a control group), and after short-term follow-up, the results of the intervention on the risk factor are reported. Rarer, but most important, are longer term longitudinal studies of the impact of exercise and activity on risk factor development in the general population. Recently, intervention studies have assessed the impact of exercise on a number of mediators of cardiovascular risk, including the hormonal milieu of obesity, endothelial function, and inflammatory markers. A parallel pediatric literature demonstrating the
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Fitness, and Cardiovascular Risk Factors in Childhood adverse consequences of sedentary activity, particularly prolonged time watching television, has also emerged but will not be covered in this review. 6, 7 The purpose of this review is to demonstrate that studies of physical fitness and activity in children generally support the finding of long-term cardiovascular benefit of physical fitness and activity demonstrated in adults. This benefit, difficult to measure in children, is to be distinguished from treatment of established risk factors; here exercise is supportive but often insufficient by itself to be therapeutic. Recent comprehensive review articles will be summarized to document current knowledge with regard to the relationship of physical activity and fitness to cardiovascular risk factors in youth. Selected longitudinal studies and intervention studies that suggest particular long-term benefits of physical activity or exercise or identify physiologic mechanisms supportive of long-term benefit will be highlighted. Finally, a perspective section is included to attempt to reconcile the seemingly disappointing results of short-term pediatric studies and encouraging long-term studies of cardiovascular disease and diabetes mellitus prevention in adults.
Limitations of Current Pediatric Research
Studying the health benefits of regular physical activity in childhood is difficult for many reasons. Perhaps most important is the difficulty in performing long-term assessments of an active lifestyle. Quantifying regular physical activity participation is not easy. Only recently have populationbased assessments of the physical fitness of children been attempted, so little information is available to analyze secular trends. 4 Maturation alters physical ability, so the impact of regular training is often difficult to distinguish from normal growth and development, as well as compare fitness in a given individual at different ages throughout childhood, though normative data exist. The nature of childhood activity, with considerable energy expenditure related to free play and impulsive activity as opposed to organized training, further limits accuracy of measurement and the conduct of intervention trials. Studies of children do not provide endpoints such as number of heart attacks or new cases of type 2 diabetes mellitus prevented, making assessment of true cardiovascular disease prevention benefit difficult.
Measurement of Physical Activity and Fitness
Although related, physical activity and physical fitness are not the same. Physical activity refers to a lifestyle and behaviors, that is, the regular participation in activities that expend significant energy. Physical fitness is a measurable trait that reflects ability to perform a specific task, most commonly treadmill walking/running or pedaling a bicycle against resistance. Maximal oxygen consumption (peak VO 2 ) or another measure of endurance or performance standard is used to document individual performance. Study tools for physical activity assessment are usually questionnaires (not standardized) or provision of a supervised intervention and instruction for a specific number of days of the week. Optimally, a standardized protocol that measures peak aerobic fitness is employed, and a measure of fitness such as VO 2 max is used in analyses. Accelerometers and other new tools for assessing daily physical activity are more commonplace. 8 An important limitation of the use of both physical activity and physical fitness in risk factor algorithms is the absence of quantitative thresholds clearly associated either with cardiovascular risk or protection from cardiac events. For other risk factors, quantitation has been critical to risk assessment. For example, low-density lipoprotein (LDL) cholesterol levels below 100 to 110 mg/dL are unassociated with a significant increase in future cardiac events in adults. 9 Currently, there is no consensus definition for level of physical activity participation or of measurable physical fitness associated with cardiovascular health in children.
Tracking of Physical Fitness and Activity From Childhood to Adulthood
The literature on the likelihood of children or adolescents sustaining either an active lifestyle of high levels or physical fitness into adulthood is substantially less extensive than for other cardiovascular risk factors. Studies that exist are limited in ethnic diversity and sample size. Some track children from youth to adolescence, whereas others extend into young adulthood. In most but not all studies of physical fitness, tracking is similar to that found for other cardiovascular risk factors, with tracking coefficients (r values) in the range of 0.30 to 0.60. [10] [11] [12] [13] [14] [15] When components of fitness are studied, some factors such as flexibility or performance on specific tests track better than others. However, self-reported physical activity does not appear to track well.
Blood Pressure
The impact of exercise and fitness on blood pressure appears to be small, at least in the short term. 16 In a metaanalysis of short-term intervention studies (the longest being 36 weeks, with most substantially shorter) in healthy children, a nonsignificant reduction in resting blood pressure of about 1 to 3 mm Hg was shown as a result of exercise. 17 In studies of children with hypertension, either no change in blood pressure in the intervention/fitness group or a small change in the range of 1 to 5 mm Hg is usually shown. Importantly, no studies show a worsening of blood pressure or adverse health consequences with a fitness intervention.
Children's blood pressure is age dependent and rises throughout childhood at a rate of about 1 mm Hg/year. 18 A less frequently explored question is whether physical activity has an impact on the age-related rise in blood pressure. There are now 4 studies of at least 18 months' and up to 5 years' duration separately examining children of different ages from preschool years through adolescence with monitoring of physical activity by questionnaire or by observation of participation. [19] [20] [21] [22] Collectively, these studies show a similar result as the meta-analysis of intervention trials-a small effect on blood pressure of 1 to 2 mm Hg in those with the highest activity. In assessing the importance of these studies, one must consider the intended effect. Certainly, in relation to resting blood pressure, the magnitude is small, but one should consider that over the course of these studies, blood pressure should rise 2 to 3 mm Hg in each child, and this rise is blunted, which suggests that the importance of fitness on blood pressure is not so much to lower blood pressure but to prevent this agerelated rise. This concept is supported by data in young adults that suggest that higher fitness at ages 18 to 30 years is significantly protective against the development of future hypertension up to 15 years in the future, as well as a recent study in high school students suggesting that sports participation and physical activity prevent incident hypertension. 2, 23 Another potential effect of exercise on blood pressure that is less well studied is the fact that although participation in exercise raises blood pressure during the activity, ambulatory blood pressure monitored throughout the day suggests that those participating in sports have lower average daily blood pressure. 24, 25 This may be another subtle manifestation of the benefit of exercise independent of an observed direct benefit on a measured risk factor such as hypertension.
Blood Lipids
Similar to blood pressure, the shortterm impact of physical fitness and activity on lipids appears to be small. Although many studies have examined the effect on LDL cholesterol, there is little evidence from observational or interventional studies to suggest there is any effect of exercise in childhood on this risk factor, although some pediatric and adult studies suggest a small effect. Significant but again small effects are seen in lowering triglycerides and raising HDL cholesterol in some observational and intervention studies. 5, 26, 27 A limitation of current pediatric data is that many of these studies are done in children with normal lipid levels, and thus the prevention benefit, as opposed to the therapeutic benefit observed by change in lipid level change, is never assessed. This criticism is supported by the observation that the effect on lipids appears to be dependent on the intensity of the intervention and may also be greater in those with underlying lipid disorders. In studies where insulin resistance is also measured, these beneficial effects on lipids and lipoproteins are associated with improvements in insulin sensitivity in obese children. 28 There are several long-term studies of the impact of physical activity/fitness on lipids and lipoproteins. One study from Finland followed individuals for 6 years and showed that long-term participation in regular physical activity was associated with improved triglycerides and that the effect was attenuated by improvement in insulin sensitivity. 29 In the CARDIA study, fitness level at ages 18 to 30 years was protective against the future development of elevated triglycerides and low HDL cholesterol. 2 A new area of interest in lipidology relates to lipoproteins with increased atherogenicity, including small, dense LDL and very low-density lipoprotein (VLDL) remnants. Increased likelihood of having more atherogenic particles is associated with high triglycerides and low HDL cholesterol as well as overweight. Currently, I am not aware of any studies in children that have attempted to determine if exercise favorably affects the atherogenicity of lipoproteins. The former notwithstanding, 1 study of young men showed a favorable impact of fitness on lipid particle distribution. 30 
Obesity
There is substantial evidence linking physical activity and fitness to the presence, treatment, and prevention of obesity. Numerous cross-sectional studies conducted in all age groups associate regular physical activity with lower body mass index (BMI). Intervention studies using moderate to intense activity ranging from 3 to 7 days a week show associations with improvement in adiposity. 5 Cross-sectional studies of physical fitness demonstrate decreased fitness in overweight individuals, particularly those with severe obesity (BMI >40 kg/m 2 ). 31 Interestingly, when fitness is adjusted for lean body mass, overweight children have normal fitness, suggesting that considerable effort must be expended to carry the excess weight. 32 Longitudinal observational studies clearly link regular participation in physical activity to long-term change in weight for height and obesity prevention. For example, the National Growth and Health Study (NGHS) followed white and black girls from puberty through the end of high school. 33 Investigators were clearly able to associate a decline in physical activity with increased overweight. The Oslo Youth Study showed that participation in regular physical activity was a critical determinant of weight gain over an 18to 20-year interval. 34 In the Amsterdam Growth and Health Study, development of metabolic syndrome, linked with the development of obesity, was inversely related to fitness and intense physical activity. 35 In a 2-year study of a combined physical activity and diet intervention, those children who lowered their standard deviation score for overweight had participated in greater physical activity and had significant improvements in cardiovascular risk profiles. 36 In young adults, changes in overweight are directly related to changes in physical fitness. 37 There are many interventional studies in overweight children using regular exercise from 3 to 7 days with moderately intense activity. These studies show exercise may or may not result in modest weight or body mass index reduction; however, exercise does lead to reductions in total fat, visceral fat, and also increased muscle mass. [38] [39] [40] In dietbased weight loss programs, exercise may have additional benefits. In a randomized controlled trial by Becque et al, 41 who compared diet alone versus diet and exercise interventions, the addition of regular exercise resulted in comparable weight loss in each group but better improvement in cardiovascular risk factors in the exercise group. In adults, a national registry of individuals reported that regular physical activity was critical to maintain weight after successful weight loss. 42 
Insulin Sensitivity
Insulin resistance is the cardiovascular risk factor for which exercise is a primary treatment. This relationship has been well known for decades in type 1 diabetics but has assumed increasing importance as the obesity epidemic has progressed and glucose tolerance abnormalities are increasingly recognized at young ages. 43 There are several recent studies showing a favorable relationship between regular exercise and insulin sensitivity. A crosssectional study of the interaction of fitness, insulin sensitivity, and overweight showed an important association of fitness with insulin sensitivity, but this relationship was strongly mediated by fatness. 44 In children of parents with type 2 diabetes mellitus, fitness has been shown to have an important impact on insulin sensitivity. 45 Positive effects were recognized with aerobic training, resistance training, interventions as short as 2 weeks, and school-based interventions. [46] [47] [48] [49] [50] In adults, exercise alone was effective in reducing the transition from impaired glucose tolerance to type 2 diabetes mellitus. 3 
Nontraditional Risk Factors
Investigators have looked beyond traditional risk factors to better identify how exercise mediates improvements in cardiovascular risk. 5 Variables studied have included markers of inflammation (eg, C-reactive protein), hormones associated with obesity or adipokines (adiponectin, leptin), markers of endothelial injury, and coagulation factors. Similar to studies of conventional risk factors, some studies show positive effects of exercise, whereas others do not. For example, 2 studies examined overweight children longitudinally after moderate exercise interventions; although both showed improvements in insulin sensitivity despite the absence of significant changes in weight after the exercise intervention, one was able to correlate benefits to changes in body composition, adiponectin, fibrinogen, and markers of inflammation, whereas the other did not. 47, 51, 52 Currently, studies of this type do not have sufficient sample size or consistency of findings to draw firm conclusions. More work in adult populations may provide direction for pediatric studies. In the future, this body of work may identify useful physiologic markers that can both demonstrate the pathways by which exercise exerts health benefit and measures of this benefit.
Studies of cardiovascular physiology may provide additional insight into the health benefits of exercise. Two studies of heart rate variability in children have shown positive effects of fitness on autonomic tone. 53, 54 These findings correlate with young adult studies of heart rate recovery after exercise, suggesting better parasympathetic function in those who participate in regular physical activity. 55 Also intriguing are studies of endothelial function using ultrasound to assess vascular reactivity of the brachial arteries. An initial cross-sectional study showed a strong relationship between vascular reactivity and endothelial function. 56 There are now at least 4 reports of short-to medium-term exercise interventions showing consistent improvement in vascular reactivity and, by implication, endothelial function in obese children. [57] [58] [59] [60] Perspective From the author's perspective, there are 3 roles for physical activity/exercise in cardiovascular disease prevention beginning in youth. The first is the fact that higher levels of physical activity lower cardiovascular risk in adults by about 50% independent of other conventional risk factors. 1 Starting early makes sense.
The second is prevention of the development of future risk. Although studies of 10 and 20 years' duration extending from childhood to adulthood are rare, there is abundant evidence from medium-and long-term observational studies and the occasional intervention study to suggest that higher levels of fitness and regular physical activity blunt age-related increases in blood pressure as well some adverse longitudinal changes in the lipid profile.
Most important in this regard, high levels of physical activity are associated with the prevention of obesity, and obesity is the most important mediator of risk acquisition at all ages. 61 Substantial education is required so the general public better understands energy balance. Many individuals equate relatively low amounts of energy expenditure with adequate exercise. Current recommendations for participation in 30 to 60 minutes of regular exercise on most days of the week are weight maintenance strategies. 62 Without a decline in caloric intake, weight loss will not occur. Both the health value of weight maintenance and the importance of appropriate caloric intake are vital public health messages that must be reinforced.
Third is the role that exercise or increased physical activity plays in the treatment of existing risk factors. Although increased energy expenditure alone has only a small impact on blood pressure and dyslipidemia, it is possible that increased exercise as part of a regular treatment regimen may limit the need for pharmacologic management by preventing future adverse changes in risk. Furthermore, the fact that fitness protects independently against cardiovascular events suggests that adding regular exercise to an existing regimen will have important health benefits beyond what could be expected from pharmacologic intervention alone. Studies of this type have not been conducted in children and would be difficult because of the large sample sizes needed, but inclusion of exercise in clinical trials of pharmacologic therapy would be useful in advancing arguments for the health benefits of exercise.
There are 2 areas where a structured exercise program can be considered primary treatment. The first is insulin resistance. Evidence for the immediate and beneficial impact of exercise on insulin sensitivity is abundant, and the effect can be observed within a week to a month. Given the current obesity epidemic, clinicians must overcome their reluctance to provide proper exercise counseling and monitoring of effort. The potential impact on type 2 diabetes mellitus prevention could be significant. Second is the observation regarding improvements in endothelial function. In childhood, atherosclerosis is present and related to risk factors, but the lesions are of the early, reversible type. 63 Although an abnormal level of brachial reactivity is probably undefinable, the documentation of rapid improvement of vascular reactivity with exercise intervention suggests that something positive is happening at the level of the endothelium and at a time when atherosclerosis can regress.
Tracking studies of patterns of physical activity from childhood to adulthood are discouraging with regard to society's current ability to improve participation in regular physical activity. Regular participation in physical activity declines beginning in adolescence. A physically active childhood does not guarantee an active lifestyle in the future. Unless regular physical activity is maintained, health benefits, particularly with regard to insulin sensitivity, will be lost. Although fitness levels track and fitness at a young age is protective against risk development at an older age, fitness does decline over time.
For primordial prevention, defined as the prevention of the development of risk factors in the first place, physical activity is 1 of 3 important health behaviors, the other 2 being abstinence from smoking and proper nutrition. 64, 65 Because children spend more time in sedentary pursuits and have less schoolbased physical activity now than in the past, it is incumbent on those of us who understand the importance of regular physical activity to incorporate knowledge about physical activity into the training of physicians and treatment regimens for individual patients. Furthermore, we must be active in public forums and with legislative bodies to make sure that the opportunity to participate in appropriate amounts of physical activity exists for all children. We must identify the best strategies to get children moving. Long-term health benefits will not be sufficient motivation for children to exercise; the fun has to be there. 
